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���� <&�&� ��&)"�/j ��/j ��s/j �o/j 8 �
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 <�B!aH+ 8 ��� #�HH2 F!4H2 -
 �  �2 �6 �4P�> �
V 8�

 _ �I ��� ����)  �4	!; �&!I �
V 8� 9�  8 9�
�' �� �2 �
��!;

�)  F!4H2 . �� &� 0? �&�� 8 #�$4>� 9
&_z6 <�B)� ( 8)�( 

#�&� 0�%�h
& .��� �� ���� !
5 <�B�j  �&!$4��> �[��

�%� #�B�%� <�)*  ��8 �6 (�Q�& �
���>�!  . <��� ���j 

 9�
�' 9Ac �2 ���6 #�B�%� �B�)*  9��8& �&!$�4��> �[��

�)E� b>�H� .�� �B�)*  ��=�2 ��6� �+!> 0�)  . �� <���>�! 

 <��� �� 8 �6 �&!," !"V�  <�B����j � �s  �&!$�4��> �[��
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��!; F��E" 5& <!�;)*[ <&!  8 h�46&�!  &� �O=1�

 :��m &� �>& �E>�H� �
��!; }
�+ x
 �m �%�6 h%' � 
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���6)'  ]�[.  

 �6� 0��5 F)R .�� 8 !4%�  ���8& @��� 5& �2 �\
&!6 ��

�� �4	�
 �6� <�B�)*  ��i & ��)6 #��=4>& <!4%�  �" ��&)"

�*o*s/�  Y�&� <!�$4A> <�4>&� �i\I 8 �>!  bi,� !4A�4��>

�>& !X)� 3�1=7 �6� �� .�� ���8&. 
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 ,$�/   Tz+sjj �6 ! &! @  �)* TGSP.  

  

 �0�1 -��1 ,#�20x  ����TGSP  

)"!' G&!' 3�+:R&x   �)* TGSP  _,6 ��s  #�6 #�&� 0�%�

�>& . )"!' G&!'x   �)*  ��4P�> TGSP�� 0�%� _�� -" &� -

#�&� �  �2 �B�<�BASTM
�
  ��&� ��&)�AB.  

G&!' <)$�& 9
& _�*1" 8 �
.Q"  )"!'x �� &� �� 0&)"

 #��A6 F8�[)� (�!m #�B�%� .�  v) !� 3�6 9
!4%�  

 Y1=7)��� ( x
!4z�&8!	 ��7�P �  Y1=7 �  0? 5& T' 8

)j�j (&�&� �m <�)*  �  �QH
& �� �m �>& #�)  v) !� <

Y1=7ac   )"!' G&!' <)$�& �EX �>& <!4;�. X  _A+ � 

��?.  

����� 	3�
 4#5  

 #�6 #�&� �6� <�B�)*  0��&� �QH> J�RTGSP  @5�  ��

cm-1 ojjj � �jj �	!; �&!I �>�!  ��)� .J�R ��    �QH>

 9��
:; �  v) !� 3�+:R& YAB 0��&�CH2� SO4 �PO4   �

NH3
+, C-H & !$
� �&)� �  ��
��� �� �-
�)=�)> ��>& �*A[ 5

 �4	!; �&!I �>�!  ��)� �&)� !$
� 8 9��
:; �-
!=�	 ��>&

 ��>&]�� o[ . �� ��%
��5? 9
& YAB �2 �>& <�8? ��
 �  (5V

 8 0��&� �QH> J�R #�$%
��5?FT-IR   #�$%�&� -
.�	 /� 

�	!; (�Q�& ����� �� !". �,��HL  _,6 ��� �� #�B�%� �)6

 ��cm
-1 ��� & �  v) !� �)*  �zE6 �� 9��
:; <��6�i"�

                                                
1- American Society for Testing and Materials. 

���)6 .��!�O� �� 9
&cm
-1 �oj  ��Na2SO4 �>& . Y*I 8�

 �� �H*  8 �
�6 �4E��cm-1 ���  8cm-1 ���  �m ���&� �)[8

�� <���)
 �  b�"!" �  &� ���? 0&)"PO4  8 SO4�&� �E�� .

 �� 9�H|ABcm
-1 oo�  �  .��SO4 �>& �4� &8 . �� <�i  Y*I

8�^�cm-1 ���  G�i"�& ��)�' � C- C  �� 8 �>& �4� &8cm-

1 ���   �&)� �  v) !� �� x
-C-O �� #�� 8� .�� 8cm
-1 ��� 

 ��SO4  �� #�B�%��)6 . ��)�'C-CO  �� Y*I 8� <&�&�cm
-

1 s�s 8 cm-1 o��   @5�  �� 8 �>&cm-1 ���  �"cm-1 ��s 

�*I�4� &8 9��
:; �  �B��& .�� cm
-1���s  8 cm

-1 ���s 

�� �%%2 �� 0&)"NH3 �!2 #�B�%� &� . Y*I cm
-1�o�o 

 �  v) !�CO2  Y*I 8 ��>& 0���4� cm-1�o�� �� &� 0&)"

� CH2  �&� �E�� . �� �)[)� ��cm-1 ����  �  v) !�
�+

NH  �� 8 #�)  cm
-1���s  @�HB� 0�%�C = O  <�B�� 8

cm-1 ����  8cm-1 �����cm-1  �j��  8 cm-1 ����  &�

�� �  0&)"CH2 ���&� �4� &8.  5& �,
 9�
)B Y
!O� ! �H 

!4�W85 _,6 <&�&� ��H��
:;  #8!; _,6 �  !$
� <�"8� 8

 _��2) !2)COOH (�� !B�� ���)6]s[ &� (5V 0)"8!' �2 �

 5& H3PO4 �
 8 H2SO4����!�; . �  <�)P �  �)P /E\I

��
:; 0)
 8 9��
:; 0)
 9�  0)"8!' F��E"�� !  h�H ��!;

 �  !QH� #��E\I <���)
 �)[8 �2 �>& 9
& !$���  _2 �� 8

 8 �H4�B !4�W85 �  v) !� 8 #�6 0��&� J�R �� �
�B��

��cm
-1 ��j�  8cm

-1  �o�o �� #�
���)6. 
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 ,$�6   )"!' G&!' �!Rx �)*  TGSP#�&� �6�.  

  

 ��
7�   )"!' G&!' 5& _7�^ S
�4�x.  

Landa (A)  Beta (degree)  !4�&��'c �,E6)A(   !4�&��'b �,E6)A(   !4�&��'a �,E6)A(  

so�/�  ��/��j  ��s/s  �o�/��  o��/�  

  

  

  
  

,��8   �)*  0��&� �+)� J�R �&�)A�TGSP #�6 #�&��6�..  
  

  
  

  

  

  

  

 ���� 
�� �9 �#:�� ;<�9 '�=
�� �#>�0TGSP  

<��68� �  �� J*4���)*  3�1=7 �6� 0&)"TGSP   ��)� &�

�&� �&!I �i��\� . K
&!6 !��]" ��6� <��� !��]" �H��� �
��68�

 !��]" �#��� ���[ 8 �5�; �0)$ ? ���^ �> ����i"pH  8 0)$ ?

�H4�B D)� 9
& 5&  ���8& Y�&� <!�$4A> ) _,6�( . 9
& 5& /�'

Q�& �
���>�!  �0)$ ? !��]" !�X�" ��)� �� �Q�4� 8 �)  #�6 (�

 �� �2 9
&� =pH   �� �>� �  ��i & 9
!4;�.  �  <�)*  8 �
?

 8 #�6 !4,L)2 .�� �)*  0)$ ? <��>& �
 8 <5�  Y[�� !��]" � 

448 
499 578 627 

662 
889 

978 
  979 

1113 1135 
1307 

1414 
1478 1621 1675 

2024 
2737 

2963 

2987 

3022 

3167 

 0 
 2000 

 4000 

 6000 

 8000 

 10000 

 12000 

 14000 

 16000 

 18000 

 20000 

 22000 

 24000 

Int 

 500   1000    1500    2000    2500    3000    3500    4000   
Raman shift (cm-1) 
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 �)*  t&)P �>�!  8 �6�TGSP  5�> ��,6? 0&)H+ � e!>8!	 s��

HB?� �� /B�2 �6�� �
 .!��]" 9
&pH   0�8.	& _��� � 

�7�� �  -
!=�	 ��>& ��>& 0)$ ?]s[ . �  /
��5? F)R ��

1=7 0�&� �&!I V� �6 �&!," /
��5? �)*  J*4�� 3� . �� F8�[

 #��A6� ���!2 #�B�%� &� 0? <�B!X& 0&)".  

 .�� �)*  _,6 �3�1=7 �6� �HB? �  �[)" �  ��6� (�$HB

�� !���]"�H2 . �� #�
�' 9
&_,6 � �>& #�6 #�&� 0�%� .

 Y1=7 �2 �4��^ �� V�  F8�[ ! �H bc  Y1=7 ��6�  V� 

)jj� (��&� !$
� 3�1=7 �  �E�� &� �6� �HB? 9
!4%�  .

Y1=7 �2 ����5ac   �  v) !� �6� �HB? 9
!4%�  �6�  V� 

 Y1=7)j�j (�>& . Y1=7 ���^ 8� ��)�jj ( &� �6� 9
!4A2

 �� �!$
� 3�1=7 �6� � �I� !X& !  {�.  <�B�)*  �� 8 ��&�

 � )P �  �1=7 9
& ��&)� �`i �A� #�
��)6.  

 !;& �2 ��? �>� �  �Q�4� 9
& ��%
��5? 9
& �>�!  5& T'
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Abstract:  Triglycine sulfate, TGS, and its phosphated counterpart, TGSP, have been grown 

by saturation solution method and were investigated for growth conditions and 

crystallographic parameters.Structural analysis equipments such as X-ray diffraction and 

back-scattering laser micro-Raman spectroscopy have been employed for the investigation of 

the grown crystals and the experimental results obtained for the pure TGS and doped TGSP 

crystals are presented. We place great emphasis on the influences of the orientation of the 

seed crystal and also phosporic acid addtion to the quality of the final grown crystals and the 

changes in the polarization has been studied by using a special electrical circuit and recording 

the hysteresis loops of the pure and doped crystals.   

Keywords: crystal growth, pyroelectric, triglycine sulfate, phosphoric acid, coercive field, 

hysteresis loop.  
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